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Tenofovir (TFV) 1% vaginal gel has been found to decrease
sexual transmission of human immunodeficiency virus. To
initiate investigations during pregnancy, 16 healthy preg-
nant women scheduled for cesarean delivery received a sin-
gle application of TFV gel preoperatively. Maternal serum
drug concentrations were determined and fetal cord blood,
amniotic fluid, placental tissue, and endometrial tissue
specimens were collected. The median maternal peak con-
centration and cord blood TFV concentrations were 4.3 and
1.9 ng/mL, respectively (~100- and 40-fold lower than after
TFV oral dosing, respectively). No adverse events were re-
lated to the use of TFV gel. These findings support ongoing
and future investigations of TFV gel in pregnancy.

Clinical Trial Registration: NCT00572273. http://www.
clinicaltrials.gov/ct2/show/NCT00540605?term =mtn-002&
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Heterosexual transmission now accounts for the majority of
new infections globally from human immunodeficiency virus
(HIV) [1]. Topical microbicides are a promising approach for the
prevention of sexual transmission of HIV. CAPRISA 004 found
that pericoital use of tenofovir (TFV) 1% vaginal gel lowered the
risk of HIV transmission by 39% among heterosexual women [2].
With confirmation of efficacy from ongoing trials, an effective
topical microbicide could soon be available for global use.

There are many compelling reasons to investigate topical
microbicides, such as TFV gel, in pregnancy [3, 4]. An Institute
of Medicine evaluation in 2008 recognized pregnancy as a major
methodological challenge to the conduct and interpretation of
HIV prevention trials [4]. These challenges include the many
deleterious effects that unexpected pregnancies pose on study
design, conduct, and analysis. Data from Gray et al [5] also
suggest that pregnancy produces a 2-fold increased susceptibility
to HIV acquisition. Additionally, incident HIV infection during
pregnancy has been demonstrated to increase the odds 15-fold
of maternal-to-child transmission (MTCT) [6]. These findings,
plus the fact that pregnant women remain sexually active,
warrant careful investigation of select candidate microbicides
during pregnancy [7].

The objectives of this study were to characterize the maternal
and fetal pharmacokinetics of single-dose TFV gel in term ges-
tation, compare systemic absorption in pregnant women with
that in nonpregnant women, and provide initial safety data for
TFV gel in pregnancy.

METHODS

A phase 1 investigation of maternal single-dose pharmacokinetics
and placental transfer of TFV gel among healthy term gravidas
was performed by the Microbicide Trials Network (MTN-002) at
a single site, Magee-Womens Hospital in Pittsburgh, Pennsyl-
vania, from August 2008 through January 2010. The protocol,
sample informed consent forms, and all study materials were
reviewed and approved by the Institutional Review Board of the
University of Pittsburgh (Pittsburgh, Pennsylvania). All partic-
ipants underwent a thorough informed consent process. Study
gel and applicators were provided by CONRAD (Arlington,
Virginia).

HIV-uninfected, healthy pregnant women previously sched-
uled for cesarean delivery of a singleton infant at term were
recruited. Women with hypertension, diabetes, other known
maternal disease, or placental or fetal abnormalities were ex-
cluded. All participants underwent screening for HIV infection,
sexually transmitted infections, and evidence of renal and liver
dysfunction prior to enrollment. Before gel administration,
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physical and pelvic examinations were performed, and maternal
blood was collected. A single dose of TFV gel (40 mg TFV) was
administered per vagina ~2 hours before cesarean delivery.

During cesarean delivery and prior to the rupture of amniotic
membranes, amniotic fluid was collected in cryovials (~3-5 mL)
for storage at —80°C. Immediately following delivery, samples of
cord blood were collected, processed, and frozen. Samples
of endometrium (2 cm® from the endometrial surface) and
placenta (2 cm?® from the fetal surface) were also collected and
frozen to assess for intracellular drug concentration. TFV
diphosphate (TFV-DP) is the active intracellular form of TFV
that inhibits HIV-1 reverse transcriptase. Maternal blood
specimens were drawn to determine serum TFV concentration at
1,2,4,6, 8,12, and 24 hours after gel administration. At 24 hours
and 2 weeks after delivery, participants were evaluated for
adverse events. Clinical and laboratory data were reviewed by
a protocol safety review team monthly and by a study monitoring
committee throughout the study.

Tenofovir Assays. TFV and TFV-DP concentrations were
determined by previously described LC-MS/MS methods vali-
dated for serum, amniotic fluid, and vaginal tissue; assay vali-
dation report and standard operating procedures were approved
by the National Institutes of Health cross-network Clinical
Pharmacology Quality Assurance program [8, 9]. Both assays
used "°C5-TFV as internal standard. Samples were extracted by
protein precipitation, separated on Zorbax Eclipse XDB-C18
column, and detected using positive electrospray ionization. The
lower limit of detection for the TFV assay was 0.3 ng/mL with
a precision of <11% and accuracy in the range of +14%. TFV-
DP in tissue lysates (70% methanol) was extracted and isolated
using a single solid-phase extraction following which TFV-DP
was hydrolyzed to TFV and injected into the reverse phase ultra
performance liquid chromatography—tandem mass spectrometry
system using electrospray ionization with detection via negative
ion multiple reaction monitoring as described elsewhere [8].
TFV-DP lower limit of quantitation was 50 fmol TFV-DP/
sample, precision <15%, and accuracy in the range of *15%.
The TFV-DP and TFV concentrations were normalized by
tissue weight.

Binomial exact 95% confidence intervals (Cls) for the pro-
portion of women with detectable TFV concentration at a given
anatomic site were computed. Maternal serum pharmacokinetic
estimates of TFV included peak concentration (Cp,,,) and time
to peak concentration (Tp,.y). The ratio of TFV concentrations
in each matrix relative to maternal serum was calculated using
a simple linear interpolation (based on the serum sample
preceding and following a nonblood sample) to estimate the
maternal serum concentration at the time the nonserum sample
was taken. Ratios of tissue concentration relative to serum as-
sume similar specific gravity in serum and tissue to establish
a rough equivalence of units (pg/mL = ng/mg).

RESULTS

Two-hundred twelve women were approached on the basis of
potential eligibility for participation, and 21 women were in-
terested in participating, eligible for the study, and subsequently
enrolled. Sixteen women received TFV gel, 4 women delivered
prior to gel placement, and 1 participant subsequently declined
further participation. Of the 16 women who received gel, 8 were
white, 7 were black, and 1 was Native American. The median age
(= standard deviation) was 27.2 * 4.0 years.

TFV vaginal gel was very well tolerated by the participants,
with no vulvovaginal complaints related to the study product.
A total of 146 adverse events were recorded, including
112 among mothers and 34 among newborns. Ninety-four
(84%) of the maternal adverse events were mild or moderate,
and 18 (16%) were severe. None of the adverse events
were assessed to be related to study product. Nearly all maternal
adverse events were related to the pregnancy, surgery, and/or
postoperative recovery. Of those adverse events that occurred
among infants, 33 (97%) were mild, 1 was moderate, and none
were related to the study product.

All 16 women (95% CI, 79%—-100%) had detectable concentra-
tions of TFV in their serum during the 24-hour period after dosing
(Figure 1). The median C,,,x for the mothers was 4.3 ng/mL
(interquartile range [IQR], 2.2-7.0 ng/mL) (Table 1). The median
Trnax was 2.6 hours (IQR, 2.1-4.3 hours) after gel administration.
Of note, only 5 (31%) of 16 (95% CI, 11%—-59%) women had
detectable TFV 12 hours after dosing, and only 2 (12.5%; 95%
CI, 29%—38%) had detectable concentrations at 24 hours.

TFV was detectable in 15 (94%) of 16 (95% CI, 70%—100%)
cord blood samples and in 11 of 14 (79%; 95% CI, 49%—95%)
amniotic fluid samples available for analysis. The median cord
blood TFV concentration was 1.9 ng/mL (IQR, 1.0-3.0 ng/mL).
This extrapolated to a median cord blood:maternal blood ratio
of 0.5 (IQR, 0.5-0.6). Thus, fetal exposure was approximated at
half the maternal serum concentration. The median amniotic
fluid concentration noted in the 11 women was 0.5 ng/mL (IQR,
<0.3-2.2 ng/mL). This extrapolated to an amniotic fluid:
maternal serum ratio of 0.2 (IQR, 0.1-0.4) and an amniotic
fluid:fetal serum ratio of 0.5 (IQR, 0.2-0.7).

Eight (53%) of 15 (95% CI, 27%-79%) and 13 (81%) of
16 (95% CI, 54%-96%) participants had detectable TFV in en-
dometrial and placental tissues, respectively. The actual median
concentrations for TFV in these tissues were very low, at 1.8 pg/
mg (IQR, below quantitative limits to 3.6) in endometrium and
2.6 pg/mg (IQR, 1.6—4.4) in placenta. The median concentration
for TFV-DP in both tissues was below the limit of quantification.
The concentration of TFV-DP was above detection limits in only
1 (7%) of the subjects’ endometrial biopsy specimens (0.41 fmol/
mg [0.18 ng/mL]) and 2 (13%) of the subjects’ placental biopsy
specimens (0.27 fmol/mg [0.12 ng/mL] and 0.63 fmol/mg [0.28
ng/mL]). On a molar basis, the tissue TFV-DP concentration was
3.3% of the TFV concentrations in the 1 endometrial tissue
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Figure 1.

Maternal serum tenofovir concentration in nanograms per milliliter (y-axis, linear scale) versus hours after dosing (x-axis) curves are shown

for all 16 women who participated in the study. Each woman is indicated with a different symbol (legend not shown). Only values above the limit of

quantitation (0.3 ng/mL), except for predose values, are shown.

biopsy and 0.14%-0.33% in the 2 placental tissue biopsies where
TFV-DP was detectable.

DISCUSSION

This investigation demonstrates that single-dose TFV 1% vagi-
nal gel use in term pregnancy produces measurable but very
low concentrations of TFV in the maternal serum. Specifically,
the median C,,, noted herein is ~100-fold lower than the
443 ng/mL C,,,,, noted after a maternal dose of 600 mg oral TFV
used for the prevention of MTCT [10]. Furthermore, the
observed C,.x is 70-fold lower than steady-state blood TFV

Table 1.

Tenofovir Concentrations in Anatomic Locations Sampled

concentrations (303—375 ng/mL) seen in HIV-infected patients
on a 300-mg tenofovir disoproxil fumarate daily treatment
regimen [11]. TFV does cross the placenta after maternal vaginal
dosing, as expected [10, 12]. However, the overall fetal exposure
is also very low at roughly 40-fold less than after maternal
oral dosing for prevention of MTCT [10]. These low cord
blood levels are augmented by the finding that neither TFV nor
TFV-DP concentrated in the uterine or placental tissues. In ad-
dition, the gel was well tolerated by the 16 women and their infants,
with no concerning safety signals. These findings justify further
investigation with increased dosing frequency in pregnancy.

Percentage (proportion) of

Median value (interquartile range)

Sample location samples with detectable concentration® Tenofovir® Other/Maternal Serum Ratio®
Maternal Cpax S€TUM 100 (16/16) 4.3 (2.2-7.0) ng/mL
Maternal delivery serum 100 (16/16) 3.1 (1.6-5.0) ng/mL 1.0
Fetal cord blood 94 (15/16) 1.9 (1.0-3.0) ng/mL 0.53 (0.47-0.61)
Amniotic fluid 79 (11/14) 0.5 (<0.3-2.2) ng/mL 0.21 (0.07-0.39)
Placental tissue 81 (13/16) 2.6 (1.6-4.4) pg/mg 0.79 (0.64-1.36)¢

53 ( (

Endometrial tissue 8/15)

13 (2/16)
7 (1/15)

Placental tissue
Endometrial tissue

1.8 (<0.3-3.6) pg/mg 1.12 (0.62-1.89)¢

TFV-DP/TFV molar ratio®

0.0014; 0.0033
0.0325

Tenofovir diphosphate®

0.27 fmol/mg; 0.63 fmol/mg
0.41 fmol/mg

Abbreviation: Cnnax, peak concentration.

@ Percentage (no. of samples quantifiable/no. of samples available) above the lower limit of assay quantitation.

b Tenofovir concentrations are at the time of delivery for all matrices, except maternal Cay serum.

¢ Based on a single extravascular sample concentration (obtained from cord, amniotic fluid, placental, or endometrial tissue) divided by concurrent (linearly
interpolated) maternal serum concentration; calculated only if both samples are above the limit of quantitation.

9 For ratios involving serum and tissue homogenate, we assume similar specific gravity for each matrix; therefore, 1 ng/mL = 1 pg/mg.

¢ Because only 2 placental tissue samples and 1 uterine tissue sample had detectable tenofovir diphosphate, all data are shown for tenofovir diphosphate

concentration and tenofovir diphosphate/tenofovir molar ratios.
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TFV gel was chosen as the first topical HIV prevention agent
to study in pregnancy because this formulation is the furthest
along of all antiretroviral-based topical microbicides and has an
excellent track record of safety [5, 10]. Tenofovir is classified as
a pregnancy class B agent by the US Food and Drug Adminis-
tration [13]. Moreover, cumulative data from the Antiretroviral
Pregnancy Registry on TFV provide a high level of reassurance
among >1500 pregnant women exposed to oral TFV, with over
half of these exposures occurring in the first trimester [14].

Perhaps the most compelling reason to perform controlled
investigations of TFV gel in pregnancy is the potential upcoming
availability of this agent for HIV prevention [5]. If efficacy is
substantiated, many sexually active women will be using these
products soon, and inadvertent pregnancy exposure will occur.
Additionally, the increased risk of MTCT from incident HIV
during pregnancy suggests that it is a critical time to prevent new
HIV infection [6]. Data assessing the safety of TFV gel in
pregnancy are thus necessary and timely.

The current study is a first step in gathering a portfolio of
information to address the safety of TFV gel use in pregnancy.
The pharmacokinetics values generated for MTN-002 are very
similar to those values noted in HIV Prevention Trials Network
(HPTN) 050, which was the first study to investigate TFV gel
among nonpregnant, sexually active women; after a single dose,
the median C,,,, was found to be <3.0 ng/mL (IQR, <3.0 to 4.3),
and the median T,,,, was found to be 4 hours (IQR, 2-6) (data
on file in HPTN 050 database) [15]. These similarities suggest
that pregnancy does not alter the absorption of this vaginally
administered product. A higher percentage of participants in the
current study (100%) had detectable serum TFV concentrations,
compared with the percentage in HPTN 050 (33%), which is
likely attributable to the 10-fold increased sensitivity of the cur-
rent assay (level of quantification, 0.3 ng/mL), compared with
3 ng/mL, which was the level of quantification used for analysis in
HPTN 050 [15].

Although these pharmacokinetic data are reassuring, larger-
scale investigations with repeat dosing inclusive of varying times
in pregnancy are currently underway to better delineate the
safety and pharmacokinetics of this candidate HIV prevention
agent. The first such study, MTN-008, is currently enrolling
90 term and near-term (=34 weeks gestation) pregnant women
who use TFV gel for 7 consecutive days. This approach will allow
for investigation of the potential for TFV concentration in the
fetal blood after repeated dosing. Pending reassuring safety data,
subsequent international investigations will include larger
numbers at sequentially earlier gestational ages who will be
exposed to longer durations of gel use (28 consecutive days).
These data, in addition to information from an ongoing HIV
prevention agent exposure pregnancy registry among trial
participants with inadvertent first trimester exposure to HIV
prevention agents (MTN-016), will provide data on TFV gel use
in all stages of pregnancy. This information will likely be

available contemporaneously with pending efficacy data on the
use of TFV gel in nonpregnant women and aim to enable in-
formed global use.

The high level of safety noted in this single-dose study is also
reassuring. Nearly all of the maternal adverse events were related
to the pregnancy or surgical procedure. Likewise, all infant
adverse events were benign and unrelated to the study product.
Ongoing and future investigations with extended dosing will
better delineate the safety profile of TFV gel in this important
patient population.
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